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The present study was designed to investigate the role of vascular endothelium in regulation of methoxamine 
(α1-adrenoceptor agonist)-induced vasoconstriction and their age-related changes in rat mesenteric vascular beds. 
Furthermore, in order to find substances and drugs, which prevent or improve age-related deficiency of endothelium 
function, vasodilator effects and long-term administration effects of aqueous extracts from Eucommia ulmoides Oliv. 
(ELE) were studied in rat mesenteric arteries. Male Wistar rats (8 to 16 week-old) were used in this study. Mesenteric 
vascular beds were isolated and prepared for perfusion. The isolated mesenteric vascular bed was perfused with Krebs 
solution and changes in the perfusion pressure were measured. Endothelium removal significantly augmented the 
vasoconstrictor responses to periarterial nerve stimulation (PNS) and perfusion of noradrenaline or 5-hydroxytryptamine 
(5-HT) in rat perfused mesenteric vascular beds. The initial maximum vasoconstriction induced by continuous perfusion 
of methoxamine was time-dependently decreased during 3 hour-perfusion, while no reduction was observed in Krebs 
solution containing high K+ medium (high KCl)-induced vasoconstriction. Endothelium removal significantly blunted 
the time-dependent reduction of methoxamine-induced vasoconstriction, but it had no effect on high KCl-induced 
vasoconstriction. Neither L-NAME (NO synthase inhibitor) nor indomethacin (cyclooxygenase inhibitor) had a 
significant effect on the time-dependent reduction of methoxamine-induced vasoconstriction. The time-dependent 
reduction of methoxamine-induced vasoconstriction in preparations with intact endothelium was significantly inhibited 
by K-channel inhibitors high KCl (30 mM), tetraethylammonium (TEA) and apamin (APA) plus charybdotoxin (ChTX), 
and a gap junction inhibitor 18α-glycyrrhetinic acid (18α-GA). In perfused rat mesenteric vascular beds with active tone, 
vasodilator responses to bolus injection of acetylcholine and Ca2+-ionophore A23187 were inhibited by endothelium 
removal, high KCl and TEA, but not indomethacin, L-NAME or 18α-GA. However, 18α-GA plus L-NAME inhibited 
vasodilation induced by A23187, but not acetylcholine. The time-dependent reduction of methoxamine-induced 
vasoconstriction disappeared in the preparations from 16 week-old rats, whereas no significant change in high 
KCl-induced vasoconstriction was observed in preparations from 8 and 16 week-old rats. Furthermore, endothelium 
removal and treatment with indomethacin or seratrodast (TXA2 receptor antagonist) significantly reduced the 
methoxamine-induced vasoconstriction in the preparations from 16 week-old rats. Perfusion of ELE in preconstricted 
preparations with intact endothelium caused a concentration-dependent vasodilatation, which was abolished by 
endothelium removal and significantly inhibited by high-KCl, TEA and 18α-GA, but affected by neither indomethacin 
nor L-NAME. In preparations treated with long-term administration of ELE (1-5%), methoxamine-induced 
vasoconstriction during 3 hours perfusion was gradually decreased to reach 20% reduction of the initial levels. In 
conclusion, the present study suggests that, in rat mesenteric arteries, vascular endothelium acts to depress 
methoxamine-induced vasoconstriction by releasing EDHF, which is associated with activation of multiple K-channels 
and gap junction involvement, and that different EDHF may be responsible for vasoconstriction in response to various 
stimuli in mesenteric resistance arteries. Furthermore, the present study also suggests that inhibitory effect of vascular 
endothelium on methoxamine-induced vasoconstriction in mesenteric arteries markedly decreases and/or disappears 
with ageing and that ELE has a endothelium-dependent EDHF-mediated vasodilator activity and an improvement effect 
on age-related attenuation of endothelial function in rat mesenteric arteries. 
 論文審査結果の要旨 
 
血管内皮細胞は，過剰な血管収縮刺激に応じて内皮由来弛緩因子(EDRF；NO, PGI2, 
EDHF)を遊離して，血管の緊張度を内腔側から調節している。末梢抵抗血管における血管
収縮反応に対してどのような内皮弛緩因子が対応しているかは不明である。そこで本研究
では，末梢抵抗血管であるラット腸間膜動脈を用いて，methoxamine 誘発収縮反応に対す
る血管内皮由来弛緩因子の抑制機序と特性，及びこの抑制機序の加齢に伴う変化について
検討した。また，内皮機能の減弱を改善する物質を探索する目的で，漢方薬である杜仲の
葉から抽出されたエキス（ELE）を用いて抵抗血管に対する作用を検討し，さらに加齢に
伴う血管機能の変化に対する杜仲葉エキス長期投与の効果についても検討を行った。これ
らの実験を通して，腸間膜動脈抵抗血管における，methoxamine 誘発収縮反応に対して，
主に内皮由来弛緩因子の一つである内皮由来過分極因子(EDHF)が，種々の K-channel 及び
gap-junction を介して，収縮反応を抑制していること明らかにしている。さらに，この腸間
膜動脈抵抗血管における，methoxamine 誘発血管収縮反応に対する内皮細胞の調節機能は，
短期間の加齢でほぼ消失すること，これには一部血管内皮由来収縮因子が関与している可
能性を明らかにした。また，漢方で用いられている杜仲葉エキス(ELE)の血管作用も検討し，
ELE が内皮依存性の弛緩反応を引き起こし，この弛緩反応には，内皮由来過分極因子
(EDHF)の関与が示唆され，さらに，この杜仲葉エキス(ELE)の長期投与は，血管内皮機能
の加齢による減弱を抑制することが示唆される。 
以上本論文は，血管収縮に伴う内皮細胞の役割を明らかにした有意義な論文であり，審
査において合格と判断した。 
 
 
 
